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ABSTRACT

Wild relatives of wheat have defying capability against detrimental conditions as
they possess rich reservoirs of valuable genes. Through hybridization, many desired
traits have been successfully introgressed from wild relatives to cultivars for various
stress tolerances for wheat improvement. Wheat amphiploids (BBAAAA) have been
created from diploid resources ( Triticum monococum (AA), Triticucm urartu (AA), and
Triticum bioeticum (AA) and Triticum turgidum the tetraploid durum (BBAA) wheat
cultivars through bridge crossing. These amphiploids possess enormous variability for
biotic and abiotic stresses. In current study, molecular characterization of a collection of
79 amphiploids (2n=6x=42, BBAAA) by 25 SSR primers have been carried out. The
molecular scanning produced 58 polymorphic bands and all were polymorphic showing
100% polymorphism. Dendrogram based on Nei and Li’s similarity coefficient, clearly
distinguished the genotypes in the clusters showing abundant diversity. The genetically
diverse germplasm identified through genetic similarity and cluster analysis in current
study are accession 13, 16, 42, 52 and 50. These amphiploids received the A genome
from diploid Triticum bioeticum. The selected collection should be used for the genetic
improvement of wheat and the selected collection needs further studies to reveal the
hidden desirable variability of agricultural utility.

Key words: SSRs, genetic and molecular diversity, synthetic wheats, amphiploids,
cluster analysis, polymorphic loci.

INTRODUCTION

For optimal conservation of germ- Modern cultivated wheat genotypes
plasm from genetic erosion, the studies are deficit in genetic diversity which
on population structure and genetic is necessary for conservation of genetic
variability of wheat are pre-requisite. resources from erosion (Sofalian et
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al., 2008; Safdar et al., 2013). When-
ever new alleles are required and
genetic base becomes narrow then
necessity is felt to incorporate such
novel diversity from family resources
that has broad genetic resources. An
essential intermediate step is creation
of stable amphiploids by which required
genes can be transferd from related
wild species to wheat crop.Genetic
diversity analysis can be used based
on morphological, pedigree, molecular
(DNA based) and biochemical and
agronomic  performance data in
individuals (Mohammadi and Prasanna,
2003). Morphological data based
genetic diversity got suffered from
drawback that is effected by environ-
ment and traits are numerically limited
(Maric et al., 2004). However, mole-
cular markers do not need previous
information of pedigree and not
affected by environment as they are
direct gene products (Jefferies et al.,
1999; Bohn et al., 1999).

The genetic markers are employed
for genetic evaluation, among them
most prominent, effective, authentic to
differentiate nearly related culti-vars;
precise are the molecular markers
(Saleh et al., 2012). Among molecular
markers, simple sequence repeats
(SSR) are most appropriate type
having capability to discriminate or
identify genotype within a species.
DNA-based molecular markers are
powerful tools used for gene mapping,
DNA fingerprinting, and the genetic
diversity-assessment in cereal crops
(Figuiredo, 2013). Simple sequence
repeats (SSRs) are one of most used
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genetic markers in wheat (Cook et al.,
2004) because of their distribution
throughout genome, excess informa-
tiveness, advantage of analysis by PCR
and high polymorphism characteristics
(Gupta and Varshney, 2000, Gupta et
al., 1996). Microsatellite or (SSR)
markers are the DNA fragments conta-
ining tendem repeats of short sequence
(2-6 nucleotides) easily transferable
between genotypes. The approach
called-marker-assisted selection (MAS)
has largely facilitated the swift
selection of the genetic stocks carrying
desirable traits. Wheat amphiploids
(BBAAAA) have been created from
diploid resources (Triticum monococum
(AA), Triticuem urartu (AA), and
Triticum bioeticum (AA) and Triticum
turgidum the tetraploid durum (BB
AA) wheat cultivars through bridge
crossing (Gill et al., 1988; Ma et al.,
1997). These genetic stocks have
greater genetic variability and can be
exploited for minor and major genes
for tolerance to biotic and abiotic
stresses (Kilian et al. 2011; Ahmed et
al., 2014).The present study was
aimed at the characterization of wheat
amphiploids (BBAAAA) through SSR
markers to identify genetically diverse
genotypes for utilization in wheat
improvement efforts.

MATERIALS AND METHODS

Wheat germplasm: A group of 79
wheat amphiploids (2n=6x=42; BBA
AAA) were collected from wheat wide
crosses and cytogenetics laboratory,
National Agriculture Research Centre,
Islamabad for molecular evaluation
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(Table-1). The production protocol of by Mujeeb-Kazi (2006).
these amphiploids has been reported
Table 1 Pedigree, genome of wheat amphiploids used for molecular analysis
Entry| Pedigree Genome A Genome Durum
No Donor Parent
1 | YUK/T.BOEOTICUM (1) CIGM90.769 AABBAA | T.boeoticum | T. turgidum
2 | YUKIT.BOEOTICUM(2) CIGM90.770 AABBAA | T.boeoticum | T. turgidum
STY-US/CELTA//PALS/3/SRN_5/4/ . .
3 T BOEOTICUM(3) CIGM90.640 AABBAA | T.boeoticum | T.turgidum
4 | SCA/T.BOEOTICUM(3) CIGM90.667 AABBAA | T.boeoticum | T. turgidum
ALG86/4/FGO/PALES//MEXI_1/3/RUFF/FGO/5/EN . .
5 | TE/6/T.BOEOTICUM (3) CIGM90.771 AABBAA | T.boeoticum | T. turgidum
6 | SCA/ T.BOEOTICUM(10) CIGM90.669 AABBAA | T.boeoticum | T. turgidum
7 | GARZA/BOY// T.BOEOTICUM(10) CIGM90.773 AABBAA | T.boeoticum | T.turgidum
8 | GARZA/BOY// T.BOEOTICUM(12) CIGM90.774 AABBAA | T.boeoticum | T. turgidum
ALG86/4/FGO/PALES//MEXI_1/3/RUFF/FGO/5/EN . .
9 | TE/6/ T.BOEOTICUM(13) CIGM90.775 AABBAA | T.boeoticum | T. turgidum
10 | SCA/ T.BOEOTICUM (14) CIGM90. 671 AABBAA | T.boeoticum | T. turgidum
ALG86/4/FGO/PALES//MEXI_1/3/RUFF/FGO/5/EN . .
| TE/6/T BOEOTICUM(14) CIGM90.776 AABBAA | T. boeoticum | T. turgidum
ALG86/4/FGO/PALES//MEXI_1/3/RUFF/FGO/5/EN . .
121 TE/6/T BOEOTICUM(15) CIGM90.777 AABBAA | T.boeoticum | T. turgidum
13 | GARZA/BOY//T.BOEOTICUM(16)CIGM90.778 AABBAA | T.boeoticum | T. turgidum
14 | BOTNO/ T.BOEOTICUM(20) CIGM92.440 AABBAA | T.boeoticum | T. turgidum
15 | GARZA/BOY// T.BOEOTICUM(21) CIGM90.780 AABBAA | T.boeoticum | T. turgidum
16 | SCA/ T.BOEOTICUM(23) CIGM90.674 AABBAA | T.boeoticum | T. turgidum
17 | DOY1/ T.BOEOTICUM(23) CIGM90.781 AABBAA | T.boeoticum | T.turgidum
18 | SHAG_22/ T.BOEOTICUM(24) CIGM92.1593 AABBAA | T.boeoticum | T. turgidum
19 | DOY1/ T.BOEOTICUM(26) CIGM90.782 AABBAA | T.boeoticum | T.turgidum
20 | DOY1/ T.BOEOTICUM(27) CIGM90.783 AABBAA | T.boeoticum | T. turgidum
21 | SCAJ/ T.BOEOTICUM(28) CIGM90.675 AABBAA | T.boeoticum | T. turgidum
22 | DOY1/ T.BOEOTICUM(28) CIGM90.784 AABBAA | T.boeoticum | T.turgidum
23 | SCA/T.BOEOTICUM(31) CIGM90.676 AABBAA | T.boeoticum | T. turgidum
24 | SCA/ T.BOEOTICUM(33) CIGM90.677 AABBAA | T.boeoticum | T.turgidum
25 | SCOOP_1/ T.BOEOTICUM(33) CIGM90.V697 AABBAA | T.boeoticum | T. turgidum
26 | SCA/ T.BOEOTICUM(34) CIGM90.678 AABBAA | T.boeoticum | T. turgidum
27 | BOTNO/ T.BOEOTICUM(35) CIGM92.443 AABBAA | T.boeoticum | T. turgidum
28 | D67.2/P66.270// T.BOEOTICUM(35) CIGM92.450 AABBAA | T.boeoticum | T. turgidum
29 | SCA/ T.BOEOTICUM(36) CIGM90.679 AABBAA | T.boeoticum | T.turgidum
30 | SCA/T.BOEOTICUM(39) CIGM90.681 AABBAA | T.boeoticum | T. turgidum
31 | SCA/T.BOEOTICUM(40) CIGM90.681 AABBAA | T.boeoticum | T. turgidum
32 [ SCOOP_1/ T.BOEOTICUM(40) CIGM90.698 AABBAA | T.boeoticum | T. turgidum
33 | SCOOP_1/ T.BOEOTICUM(46) CIGM90.699 AABBAA | T.boeoticum | T. turgidum
34 | SCOOP_1/ T.BOEOTICUM(50) CIGM90.700 AABBAA | T.boeoticum | T.turgidum
35 | LCK59.61/ T.BOEOTICUM(52) CIGM92.438 AABBAA | T.boeoticum | T. turgidum
STY-US/CELTA//PALS/3/SRN_5/4/ . .
36 T BOEOTICUM(54) CIGMO0.642 AABBAA | T.boeoticum | T.turgidum
37 | SHAG_22/ T.BOEOTICUM(55) CIGM92.1598 AABBAA | T.boeoticum | T. turgidum
38 | AJAIA/ T.BOEOTICUM(55) CIGM92.1599 AABBAA | T.boeoticum | T.turgidum
39 | AJAIA/ T.BOEOTICUM(56) CIGM92.1601 AABBAA | T.boeoticum | T. turgidum
40 | SHAG_22/ T.BOEOTICUM(56) CIGM92.1600 AABBAA | T.boeoticum | T.turgidum
41 [ SCOOP_1/ T.BOEOTICUM(59) CIGM90.701 AABBAA | T.boeoticum | T. turgidum
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42 | SCOOP_1/ T.BOEOTICUM(60) CIGM90.702 AABBAA | T.boeoticum | T.turgidum
68.111/RGB-U//WARD/3/ T.BOEOTICUM(61) . .

43 CIGMO0 790 AABBAA | T.boeoticum | T.turgidum

44 | SHAG_22/ T.BOEOTICUM(68) CIGM92.1602 AABBAA | T.boeoticum | T.turgidum

45 | SCOOP_1/ T.BOEOTICUM(69) CIGM90.703 AABBAA | T.boeoticum | T.turgidum

46 | SHAG_22/ T.BOEOTICUM(70) CIGM92.1603 AABBAA | T.boeoticum | T.turgidum

47 | SCOOP_1/ T.BOEOTICUM(71) CIGM90.704 AABBAA | T.boeoticum | T.turgidum
ALG86/4/FGO/PALES//MEXI_1/3/RUFF/FGO/5/EN . .

48 TE/6/T.BOEOTICUM(74) CIGM92.455 AABBAA | T.boeoticum | T.turgidum

49 | BOTNO/ T.BOEOTICUM(75) CIGM92.446 AABBAA | T.boeoticum | T.turgidum

50 | D67.2/P66.270// T.BOEOTICUM(75) CIGM92.452 AABBAA | T.boeoticum | T.turgidum

51 | SCOOP_1/ T.BOEOTICUM(79) CIGM90.705 AABBAA | T.boeoticum | T.turgidum

52 | SCOOP_1/ T.BOEOTICUM(80) CIGM90.706 AABBAA | T.boeoticum | T.turgidum
ALG86/4/FGO/PALES//MEXI_1/3/RUFF/FGO/5/EN . .

53 TE/6/T.BOEOTICUM(83) CIGM92.456 AABBAA | T.boeoticum | T.turgidum

54 | SCOOP_1/T.BOEOTICUM(87) CIGM90.707 AABBAA | T.boeoticum | T.turgidum

55 | SHAG_22/ T.BOEOTICUM(88) CIGM92.1605 AABBAA | T.boeoticum | T.turgidum

56 | SCOOP_1/ T.BOEOTICUM(89) CIGM90.708 AABBAA | T.boeoticum | T.turgidum

57 | SCOOP_1/ T.BOEOTICUM(90) CIGM90.709 AABBAA | T.boeoticum | T.turgidum

58 | SCOOP_1/T.BOEOTICUM(91) CIGM90.710 AABBAA | T.boeoticum | T.turgidum

59 | SCOOP_1/ T.MONOCOCCUM(98) CIGM90.711 AABBAA |T. monococcum| T.turgidum

60 | AOS/ T.MONOCOCCUM(98) CIGM90.791 AABBAA |T. monococcum| T. turgidum

61 | AOS/ T.MONOCOCCUM(111) CIGM90.793 AABBAA |T. monococcum| T.turgidum
68.111/RGB-U//WARD/3/ T.MONOCOCCUM(112) .

62 CIGMO2 463 AABBAA |T.monococcum| T.turgidum

63 | BOTNO/ T.MONOCOCCUM (112) CIGM92.465 AABBAA |T. monococcum| T. turgidum

64 | SCOOP_1/ T.MONOCOCCUM (118) CIGM90.712 AABBAA |T. monococcum| T. turgidum

65 | AOS/T.MONOCOCCUM (118) CIGM90.794 AABBAA |T. monococcum| T.turgidum
FGO/USA2111// T.MONOCOCCUM (119) -

66 CIGMO0 795 AABBAA |T.monococcum| T.turgidum
FGO/USA2111// T.MONOCOCCUM (122) -

67 CIGMO0.796 AABBAA |T. monococcum| T.turgidum

68 | DOY1/ T.URARTU (542) CIGM90.567 AABBAA T.urartu T. turgidum

69 | DOY1/T. URARTU (543) CIGM90.568 AABBAA T.urartu T. turgidum

70 | DOY1/T. URARTU (550) CIGM90.570 AABBAA T.urartu T. turgidum
68.111/RGB-U//WARD/3/ T. URARTU -

71 (550)CIGM90.856 AABBAA T. urartu T. turgidum
68.111/RGB-U//WARD/3/ T. URARTU 551) -

72 CIGM90.857 AABBAA T. urartu T. turgidum
68.111/RGB-U//WARD/3/ T. URARTU -

73 (553)CIGM90.858 AABBAA T. urartu T. turgidum
68.111/RGB-U//WARD/3/ T. URARTU -

74 (554)CIGM90.859 AABBAA T. urartu T. turgidum
68.111/RGB-U//WARD/3/ T. URARTU .

75 (555)CIGM90.860 AABBAA T. urartu T. turgidum

76 | DOY1/T. URARTU (560) CIGM90.573 AABBAA T.urartu T. turgidum

77 | DOY1/T. URARTU (563) CIGM90.574 AABBAA T.urartu T. turgidum

78 | DOY1/T. URARTU (564) CIGM90.575 AABBAA T.urartu T. turgidum

79 | GAN/ T.BOEOTICUM(7) CIGM93.78 AABBAA | T.boeoticum | T.turgidum

Molecular analysis: The germplasm
was evaluated for molecular diversity
using 25 SSR primers at Wheat Wide

Crosses and Cytogenetics Laboratory,
National Agricultural Research Center
(NARC), Islamabad. Genomic DNA
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was isolated from fresh leaf tissues of
seedlings using the cetyltrimethyl
ammonium bromide (CTAB) method
with some modifications (Murray et
al., 1980). Quality of DNA was assessed
through 1.0% gel electrophoresis and
the samples were stored at 4°C for
future studies. PCR reaction mixtures
and programmes were followed
according to the published data
(Roder et al., 1998).

Data analysis: Clusters were const-
ructed through NTSYSpc software
(version 2.02a, Applied Biostatistics
Inc., New York, NY). Binary (0 or 1)
data were generated to construct dend-
rogram based on the molecular data.
The dendrogram with the best fit to a
similarity matrix based on the cophe-
netic (COPH) values using a matrix
comparison (MXCOP) program of NT-
SYS-pc was chosen. Groups and sub-
groups were determined using arbi-
trary points of similarity coefficients
according to the software programme
(Ronhlf, 1992).

The Polymorphism Information
Content (PIC) value for each SSR
marker locus (i) was calculated based
on the formula reported (Keimet
al.,1992).PIC(i)=1 —2 _P;2, where P;
is the frequency of the jth allele of
the ithSSR locus and summation
extends over n alleles.
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RESULTS

After initial screening, 25 SSR
primers were used to screen the
germplasm. PCR result of the marker
assays is given in Table-2. Genetic
diversity analysis of total 79 amphi-
ploids was carried out using 25 SSR
primers. The total number of ampli-
fied products was 1082 with an
average of 43 bands per primer.
Maximum number of bands (112)
was produced by primer Xgwm 311-
2A  while  minimum (6) were
amplified by Xgwm473-2A. Consi-
dering amplified alleles, total number
was 126 with an average of 5.04
alleles per primer. Number of ampli-
fied alleles varied with different
primer assays. Xgwm?249-2A and
Xgwm311-2A  primers amplified
maximum 9 alleles followed by a
single allele by Xgwm637-4A. All the
alleles were polymorphic showing
100% polymorphism. PIC value for
all primer assays was calculated.
Highest PIC value (0.85) was shown
by Xgwm382-2A followed by Xgwm
397-4A (0.12). While the average
PIC value was 0.52 per primer (Shete
et al., 2000). The minimum genetic
distance showed by genotypes was
zero and maximum genetic distance
for both was 1. The average
similarity matrix for SSR was 7.05
(data not shown).
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Table- 2: Analysis of banding pattern generated by SSR primers in wheat amphiploids
2n=6x=42; BBAAAA)

1 Xgwml0-2A 7 7 100% 58 73 50-150 0.36
2  Xgwmd7.1-2A 5 5 100% 31 36 50-200 0.57
3  Xgwm47.2-2A 6 6 100% 18 28 50-200 0.51
4 Xgwm71l.1-2A 6 6 100% 34 80 50-150 0.73
5 Xgwm71.2-2A 6 6 100% 27 61 50-150 0.76
6 Xgwm95-2A 3 3 100% 56 62 50-150 0.37
7  Xgwml22-2A 5 5 100% 17 20 50-150 0.43
8 Xgwm249-2A 9 9 100% 50 92 50-200 0.78
9 Xgwm265-2A 4 4 100% 16 16 50-200 0.36
10 Xgwm?296-2A 5 5 100% 15 18 50-100 0.65
11 Xgwm311l-2A 9 9 100% 46 112 50-250 0.77
12 Xgwm312-2A 6 6 100% 68 85 50-150 0.57
13 Xgwm372-2A 3 3 100% 15 16 50-200 0.28
14 Xgwm382-2A 8 8 100% 25 45 50-200 0.85
15 Xgwm473-2A 1 1 100% 6 6 50-100 0
16 Xgwm515-2A 5 5 100% 44 65 50-150 0.75
17 Xgwm558-2A 6 6 100% 22 32 50-100 0.76
18 Xgwm5-3A 8 8 100% 31 50 50-200 0.7
19 Xgwm30-3A 4 4 100% 12 14 50 0.38
20 Xgwml62-3A 4 4 100% 34 38 50-200 0.47
21 Xgwm391-3A 4 4 100% 9 12 50-300 0.7
22 JIWME062 4 100% 25 31 50150 0.58
23 Xgwm397-4A 2 2 100% 22 24 50 0.12
24 Xgwm601-4A 5 5 100% 42 49 50-100 0.59
25 Xgwm637-4A 1 1 100% 17 17 50 0

The dendrogram based on the SSR
data, separated the accessions into
three distinct clusters (Fig.1). Cluster
A consisted of 20 genotypes. All the
genotypes in this cluster were 100
percent similar. Cluster B consisted
of 27 genotypes in which genotype

13 and 16 were 98 percent similar
while the genotype 42 was highly
diverse with an average genetic dist-
ance of 96 percent. Highly diverse
genotypes in this group were 52 with
5 percent genetic similarity. Sub
Cluster C consisted of 32 genotypes
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with varying level of genetic simila-
rity. The genotype 50 appeared to be
highly diverse and showed the average

UPGMA

Molecular Diversity........

genetic distance of 84 percent to 3
other genotypes.

.2 0 02 04

Nei & Li's Coefficient

Fig-1: Dendrogram of amphiploids (2n=6x=42; BBAAAA) based on simple sequence repeat

(SSR) marker data

DISCUSSIONS

Several decades ago (early 1940’s)
many traits has been identified for
major crops by utilization of wild
relatives for supplying genes for impro-

vement of crop that boost production
(Plucknett et al., 1987). Three decades
later this approach obtained great
influence and expanded to broad range
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of crops (Hoyt, 1988). Further
documentary help for the deployment
of alien genetic diversity has been of
importance over the ancient many
decades (Schneider et al., 2008).
Transfer of alien genes need complex
cytogenetic exploitation protocols that
assist homologous exchanges. The
close wheat progenitors are favored to
strengthen the genetic variation of
novel genetic reservoirs of wheat crop
(Mujeeb-Kazi, 2003; Yao et al., 2007).
A number of genes controlling different
traits of agricultural importance have
successfully been transferred from wild
wheat progenitors into the hexaploid
bread wheat for environmental stresses,
numerous pathogens and nutritionally
beneficial traits. From wild relatives
of wheat, yellow rust resistance genes
have been derived and successfully
transferred to bread wheat (Riley et al.
1968; Zeller 1973; Kema 1992; Singh
et al., 1998; Marais et al., 2005; Marais et
al., 2006; Kuraparthy et al., 2007; Marais
et al., 2009; Ahmed et al., 2013).
There are numerous extensions of
A, B and D genome. A and D genome
has got tremendous benefit than B
within the spectrum due to their
closeness to A and D sets existing in
cultivated wheat and fall in the order
of manipulation for improvement of
wheat at a higher rank of desirability.
Therefore these primary gene stock
sources are main nominee for supplying
allelic enrichment. The initial step to
initiate alien variation is wide hybridi-
zation, comprising both inter-specific
and inter-generic hybridization and to
shift necessary traits into bread wheat
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from wild relatives. The policy designed
encloses diversity stock covering all
gene pools (Mujeeb-Kazi 1995a,b).
Wild progenitors of wheat possess
abundant unutilized genetic diversity.
The A-genome diploid progenitors T.
monococcum, T. wurartu and T.
boeoticum are notable.

We have explored diversity and
molecular variability in 79A-genome
amphiploids (BBAAAA) using 25
simple sequence repeat (SSR) primer
assays to select the diverse lines for
future utilization. The total number of
amplification products was 1082
bands with an average 43 bands per
primer. All these primers which were
utilized showed 100% polymorphism.
The average number of polymorphic
loci produced by Simple sequence
repeat (SSR) was (0.52). The diversity
of each primer locus was determined
by polymorphism information content
(PIC). Higher PIC value (0.85) and
polymorphism  percentage (100%)
generated by these primers demonstrated
ted that SSRs are highly efficient for
genetic diversity evaluation of synthetic
hexaploids and wheat progenitor /
ancestors. These primers can also be
employed for the selection of superior
genotypes for utilization in plant
breeding. Furthermore, PCR results
based on genetic similarity and
clustering revealed accessions 13, 16,
42, 52, and 50 as genetically diverse
and can be used for further wheat
improvement. In studies conducted in
the recent past, SSR primers have
been used by several researchers for
selection of superior genotypes among
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the germplasm and were found as
potential tool (Dreisigacker et al., 2004;
Nicot et al., 2005; Danson et al., 2006;
Rabbani et al., 2010).
CONCLUSION

Microsatellite markers utilization
possess various benefits like co-domi-
nance, reproducibility, simple analysis
of PCR based molecular markers on
PAGE, locus specificity, information
content and inheritance in Mendelian
fashion. Always there is necessity to
mobilize genes from wild progenitor
to wheat cultivar through hybridisation.
Results revealed that 25 microsatellite
or SSR primers were used to screen
the genetic diversity of total 79 amphi-
ploids. Per primer amplified 43 bands
with total 1082 amplified band products
were observed. The primer Xgwm311
-2A has produced maximum bands
112 whereas minimum bands 06 were
produced by primer Xgwm473-2A.
Highest PIC value 0.85 was recorded
in Xgwm382-2A primer and lowest
PIC value 0.12 in Xgwm397-4A while
0.52 was average PIC value. For the
further utilization the PCR based
cluster analysis and genetic similarity
results revealed that accession 13, 16,
42, 52 and 50 were genetically diverse
and recommended for utilization in
breeding for future wheat improvement.
For wheat improvement, amphiploids
proved to be valuable genetic resources
against certain abiotic and biotic stresses
such as stripe rust where resistance
status is used for obtain novel genes
through molecular characterization and
will supply new diversity to breeders
by richness of alleles. Currently, at
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CIMMYT (International Maize and
Wheat Improvement Center) resistant
amphiploids are being used to explore
novel genes from diploid A Genome
and tetraploid T.turgidum and the germ-
plasm is an avenue of bread wheat
improvement for numerous traits of
economic importance.
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